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$A=[a_{ij}]$ , $a_{ij}\in \mathrm{Q}$
* 12 $(\mathrm{C})$
\dagger moritsug@ulis. $\mathrm{a}\mathrm{c}$ .jp
Ikuriyama@nii.ac.jp
1199 2001 220-227 220
1( ) $n\cross n$
$C=$ (1)
( $f(x)=x^{n}-cn-1^{X^{n-1}}$ –. . . $-c_{1}x-c0$
1 $f(x)=x-c0$ 1 $\cross 1$ $[c_{0}]$
2 $C$ $\varphi c(x)$ $\phi_{C}(X)$ $f(x)$
–
3 (Frobenius ) $n\cross n$ $A$ $S$
$A$ Frobenius ( )
$F=S^{-1}AS=C_{1}\oplus C_{2}\oplus\cdots\oplus C_{t}$ . (2)
Ci $(i=1, \cdots, t)$ $m_{i}\cross m_{i}$ (1) $C_{i+1}$
$\varphi_{i+1}(x)$ $C_{i}$ $\varphi_{i}(x)$ $(i=1, \ldots, t-1)$
$A$ (2) – $A$







4( ) $n\mathrm{x}n$ $A$ 3
$op1(k, \ell)$ : $A$ $k$ $\ell$ $k$ $\ell$
$op2(k, c)$ : $A$ $k$ $c^{-1}$ $k$ $c$
$op3(k, \ell, C)$ : $A$ $k$ $\ell$ $c$ $\ell$ $k$ $c$
( $A\vdash\Rightarrow S^{-1}$AS)
$S^{-1}$ $S$ ( Gauss
$Arightarrow GA$ )
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. . . $S_{3}^{-1}(S_{2}^{-1}(S_{11}^{-1}AS)s2)s_{\mathrm{s}}\cdots$
(2) $F,$ $S,$ $S^{-1}$















$\mathrm{Z}_{P}$ Frobenius $A_{p}S_{p}=s_{pp}F$ (Euclid
$CS+pt=1$ $s.’ t$ $s\equiv c^{-1}(\mathrm{m}\mathrm{o}\mathrm{d} p)$ $op2$
)
7 $P$ unlucky $\mathrm{Z}$ $AS=SF$ $\mathrm{Z}_{p}$




Gr\"obner Basis $=$ $\mathrm{S}$-Polynomial
unlucky [20] unlucky




8(CRT : 2 ) $m_{1},$ $m_{2}$
$\{$
$x\equiv a_{1}$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{1})$
$x\equiv a_{\mathit{2}}$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{2})$
$m_{1}s+m_{2}t=1$ $s,$ $t$ $x\equiv a1m\mathit{2}t+a_{2}m_{1}s$ $(\mathrm{m}\mathrm{o}\mathrm{d} m_{1}m_{2})$
$p_{1},$ $p_{2},$ $p_{3},$ $\ldots$ $p_{1},$ $p_{1}p_{\mathit{2}},$ $p_{1}p_{\mathit{2}}p_{3},$ $\ldots$
$\{$
$x\equiv a_{k-1}$ $(\mathrm{m}\mathrm{o}\mathrm{d} p_{1}\cdots pk-1)$
$x\equiv a_{k}$ (mod $p_{k}$ )
$(k=2,3, \ldots)$
8 (Newton ) $F,$ $S$
, $s_{ij}$ ( $2n^{2}$ )
$S$ $A$ Frobenius $F$
( )
$\mathrm{m}\mathrm{o}\mathrm{d} p_{1}.$ $.p_{k-1}$
$S^{()}k-1$ $\mathrm{m}\mathrm{o}\mathrm{d} p_{1}\cdots$ Pk-lPk $S^{(k)}$ $-$ AS$(k)=S^{(k)}F^{(k})$
Frobenius $\supset-$










% : $n\cross n$ $A$ {$p_{1},p_{\mathit{2}},$ $\ldots$ ,Ps}
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$\text{ }14$ : CPU-Time(sec) for integer matrices I
$n$ #Prime Modular. Fraction Free $\mathrm{M}\mathrm{o}\mathrm{d}/\mathrm{F}\mathrm{F}$
$10$ 10 234 4.79 0.489
12 14 5.77 1032 0.559
14 20 1422 2142 0.664
16 26 3003 44.54 0.674
18 33 5983 89.11 0.671
20 41 11522 17780 0.648
22 50 21048 31180 0.675
24 60 37197 56128 0.663
% $F^{(k)},$ $s^{()}k$ $\mathrm{m}\mathrm{o}\mathrm{d} p_{1}\cdots p_{k}$
% : $A$ Frobenius $F$ $S$ $(AS=SF)$
Compute $F_{p_{1}}$ , $S_{p_{1}}$ $\mathrm{s}.\mathrm{t}$ . $A_{p_{1}}S_{p_{1}}\equiv S_{p_{1}}F_{p_{1}}$ (mod $p_{1}$ );
$k:=1$ ; $F^{(1)}:=F_{p_{1}}$ ; $S^{(1)}:=S_{p_{1}}$ .
loop:Do until $(S^{()}k-1=S^{(k)})$
$k:=k+1$ ;
Compute $F_{p_{k}},$ $S_{p_{k}}$ $\mathrm{s}.\mathrm{t}$. $A_{p_{k}}S_{p_{k}}\equiv S_{p_{k}}F_{p_{k}}$ (mod $p_{k}$ );
Consttrruct $F^{(k)}$ from $F^{(k-1}$ ) and $F_{p_{k}}$ by CRT;
Construct $S^{(k)}$ from $S^{()}k-1$ and $S_{p_{k}}$ by $\mathrm{C}\mathrm{R}\mathrm{T}$ ,
If (AS$(k)=S^{(k)}F^{(k}$ ) (over $\mathrm{Z}$ ) $)$ then retum $\{F^{(k)}, S^{(}k)\}$ else goto loop;
4





$\{p_{1},p_{\mathit{2}}, \ldots,p_{5}00\}=\{99999999977,99999999947, . . . , 99999987377\}$
$10\cross 10$ $24\cross 24$ 8 Reduce
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$\text{ }15$ : CPU-Time(sec) for integer matrices II
$n$ #Prime Modular Fraction Free $\mathrm{M}\mathrm{o}\mathrm{d}/\mathrm{F}\mathrm{F}$
$10$ 18 4.97 7.10 0.700
12 27 1503 1895 0.793
14 36 3700 4643 0.797
16 48 8902 106.10 0.839
18 61 19246 23282 0.827
20 76 40127 469.55 0.855
22 92 77070 90209 0.854









1 65\sim 70% 2 80\sim 90%
$\mathrm{M}\mathrm{a}\mathrm{p}\mathrm{l}\mathrm{e}[]]$ Frobenius
Maple
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